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Laser output meter 


Using laser light for communication 
has aroused new interest in amateur 
radio circles since Hans-Hellmuth 
Cuno (DL2CH) published his views 
[1]. However measuring equipment for 
determining the optical output of a 
laser is usually very expensive and/or 
there are no instructions for assem- 
bling it as a DIY project. In addition to 
the theoretical principles, the article 
below also describes a simple DIY 
apparatus for measuring laser output. 


1. 
Introduction 


1.1 The optical spectrum 


The optical spectrum range begins at a 
wavelength of 100nm with ultraviolet 
light (UV) and ends after the infrared 
range (IR) at Imm. Between these is the 
range of visible light, from about 380 to 
780nm. Fig 1 clarifies this and can also 
be used to identify important laser wave- 
lengths. This diagram can be down- 
loaded, in colour, from the Internet. [2] 


The human eye does not perceive all 
wavelengths in the visible spectrum with 
the same intensity. In the daytime, we see 
green light best at a wavelength of 
555nm. At night, this is displaced 
slightly into the blue-green at 507nm. Fig 
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2 represents the sensitivity of the eye for 
daytime and night-time vision, the data 
for this can be found in [3]. Now it can 
be understood why, in spite of identical 
output, that we perceive red laser light at 
635nm to be approximately seven times 
brighter than laser light at 670nm, which 
is also red! 


1.2 Laser diodes 


In order to imprint information onto a 
laser beam, the beam must be modulated. 
This is very easily using laser diodes, and 
more importantly, it doesnt cost much. 
This is why laser diodes are used almost 
exclusively in amateur radio. It should be 
pointed out that in practice specific light 
diodes are also often used for optical 
communication. In [4], we find a com- 
prehensive article describing practical 
operations for communications with 
LEDs and lasers. 


In the optical spectrum range, we nor- 
mally refer to wavelengths in nm and not 
frequencies. By contrast in amateur radio 
it seems that specifying the frequency in 
THz is becoming generally accepted. 


The wavelengths of the most frequently 
used laser diodes are typically 635, 650, 
670 and 780nm. Table 1 shows typical 
applications. 


Laser diodes with a wavelength of 
635nm are very close to the wavelength 
of the familiar red, helium-neon gas laser 
(632.8nm). 
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Fig 1: The optical spectrum from 
infrared through visible light to ultra 
violet. 


co 
Table 1: Typical applications for laser 
diodes. 


Wave- Type Application 
length 


635nm Red DVD player/laser pointer 

650nm Red DVD player/laser pointer 

670nm Red Laser pointer 

780nm Infra- CD player, CD writer 
red 


Special care should be taken with laser 
beams in the near infra-red range. The 
human eye cannot see this light very well 
(see sensitivity of the eye, Fig 2), but 
nevertheless it is focused onto the retina! 
Even if we see nothing, or just a weak 
point of light, the beam can be powerful 
enough to cause serious damage to the 
eye. 


Thus the basic principle is that you never 
look into a laser beam, even for wave- 
lengths outside the visible spectrum! 


2. 
Values and units in photometry 


In the measurement of optical radiation, 
we differentiate between radiometric and 
photometric values. In contrast to radio- 
metric values, photometric readings use 
the degree of spectrum sensitivity to 
make evaluations (Fig 2). 


Consequently, photometric values are 
mainly used for the characterisation of 
lamps or light diodes. The luminous 
intensity (light flux per solid angle) is 
expressed in candelas, or the intensity of 
light (light flux per area) in lux. 


The power of a laser is measured in 
Watts as a radiometric value, the so- 
called radiation capacity, P. The sensor 
used for measurement must acquire the 
entire laser beam, i.e. the diameter of the 
sensor must be greater than that of the 
laser beam. 


Because of its divergence, a laser beam 
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has a relatively large beam diameter after 
travelling a great distance. At a distance 
of several kilometres, the beam has a 
diameter of one or more metres. Thus it 
is no longer possible to easily acquire the 
entire laser beam with a sensor. By 
contrast, it is possible to measure the 
output per sensor area. This is a further 
radiometric value and is designated as 
the intensity of irradiation, E (output per 
area). The unit is consequently W per m? 
or W per mm’. 


The power levels for the laser diodes in 
most frequent use are typically between 3 
and 5mW. These laser diodes are put to 
use in equipment such as CD players, 
CD-ROMs, DVDs and laser pointers. 
Depending on the operating current and 
the optics (lenses) used, we typically 
measure an optical output between 0.5 
and 3mW for laser pointers, and usually 
far less than 1mW for CD players. Other 
equipment such as laser printers or CD 
writers uses laser diodes with a power of 
several tens of milliwatts. 


Lasers with an output of less than 1mW 
are usually relatively harmless. On the 
other hand, when using lasers with 
higher outputs, you should clearly be 
aware of what you are doing and have a 
suitable knowledge of protection against 
laser radiation [5,6]. Irrespective of the 
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Fig 2 : Sensitivity 
of the eye for day 
time and night 
time. 


output of a laser, the basic principle 
naturally applies, never look into the 
beam, and certainly not using when 
optical instruments e.g. magnifying 
glasses! 


3. 
Laser output meter 


Various items of professional measuring 
equipment are available for optical out- 
put measurement. Measuring equipment 
that can only measure individual laser 
wavelengths is frequently described as 
laser output measuring equipment. With 
more universal equipment it possible to 
adjust the wavelength between 400 and 
over 800nm in small steps e.g. Inm. 
These are called optical output measuring 
equipment. 


Depending on the application (continu- 
ous-wave lasers, pulsed lasers, lasers 
with lower or higher output levels, etc .), 
there are sensors of varied kinds: bolom- 
eters, calorimeters, pyroelectric equip- 
ment, photoelectric equipment, etc. 


The equipment used for amateur radio 
consists almost exclusively of modulated 
low-powered continuous-wave lasers ( 
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Fig 3 : Current/voltage converter 
amplifier. 


<SmW) operating at specific wave- 
lengths. This considerably simplifies the 
development of laser output measuring 
equipment. 


The most suitable units for use as sensors 
are photo diodes, optical outputs from 
the nW range right up to several mW can 
be detected. The problem is that the 
sensor area must acquire the entire laser 
beam to measure the radiation capacity. 
Also the sensor should not be over- 
loaded. Thus in practice the choice is 
usually a large surface photo diode, 
something like the IPL 10050 [7] with a 
sensor area of 41.3mm?. The price of 
such a diode is about 50euros. 


If light falls onto a photo diode, a current 
flows through it from the cathode to the 
anode. If we operate the photo diode with 
a large (infinitely large) load resistor and 
measure the voltage, this increases in a 
logarithmic relation with the intensity of 
irradiation. If, on the other hand, the 
photo diode is short circuited, then the 
current passing through it increases pro- 
portionately with the density of illumina- 
tion! 


Thus short circuit operation is best suited 
to the development of output measuring 
equipment. In practice, we use an opera- 
tional amplifier for this purpose and 
operate it as a current/voltage converter 
(Fig 3). 

If we want to measure very low levels of 
radiation (nW range), we should use an 
operational amplifier with FET inputs, 


cy 
because of it’s lower input currents. The 
photo diode is located directly between 
the two inputs. Since the inverted input 
forms a virtual earth, the diode is effec- 
tively short circuited. When the diode is 
irradiated, a current then flows, depend- 
ing on the polarity of the diode, from or 
to node 1. The operational amplifier then 
adjusts its output voltage accordingly, so 
that the entire current flows through the 
resistor, R. The size of the resistance 
directly determines the transfer ratio. For 
example, a resistance of 1kOhm gener- 
ates an output voltage of 1V for a 
photo-current of 1mA. 


One big disadvantage of photo diodes is 
the dependency of the photo-current on 
the wavelength of the radiation. Depend- 
ing on the structure of the photo diode, it 
has maximum response at approximately 
800 to 900nm. Fig 4 shows the spectrum 
response for the IPL 10050 photo diode 
in the visible spectrum range. As the 
A/W unit suggests we obtain, for exam- 
ple, a photo-current of 0.5mA with a 
radiation capacity of 1mW on the sensor 
area. 


To be able to acquire various wave- 
lengths with laser output measuring 
equipment, we need a switching option. 
The four wavelengths that are usually 
sufficient for the requirements of radio 
amateurs are 635, 650, 670 and 780nm. 


Unfortunately, even with photo diodes of 
the same type, the spectrum response 
fluctuates by several percent from photo 
diode to photo diode. In practice, this 
means that every photo diode (and thus 
also every output meter) has to be indi- 
vidually calibrated! 


To measure the spectrum response and to 
calibrate the equipment, we need an 
expensive measurement rig (Fig 5). 


Using a monochromator, an individual, 
adjustable wavelength (or a narrow 
range) is filtered out of a lamp spectrum. 
With the help of a subsequent lens 
system, a parallel beam is formed, so that 
the sensor area of the photo diode is 
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Fig 4 : Spectral response of the IPL 10050 photo diode from 400 to 800nm: 


0.295A/W 
0.307A/W 
670nm 0.326A/W 
780nm_ 0.434A/W 


completely and uniformly irradiated. 


35nm 
650nm 


Now we measure the density of illumina- 
tion at the desired wavelengths with a 
calibrated optical output meter and a 
known sensor area, Aref. Then we re- 
place the sensor of the output meter with 
the unknown photo diode (DUT) and 
individually measure the photo-current at 
the same wavelengths. Since the area of 
this photo diode is also completely irradi- 
ated we are measuring the photo-current 
per sensor area, Appz. From this, the 
spectrum response, S, can be calculated: 


S= Lpur . Avg =| 
i, Apur 


Due to the high expense, radio amateurs 
can hardly carry out this measurement 
themselves. On the other hand, calibra- 
tion by a calibration service is much too 
precise for amateur purposes, and the 
associated costs exceed 500euros. 


Another option is to calibrate the output 
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meter using a diode laser with a suitable 
wavelength and a known and regulated 
output. There are only four wavelengths 
where this is more effective than measur- 


Monochromator 


Fig 5 : Method used to measure the 
spectrum response of a photo diode. 
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ing each photo diode on the monochro- 
mator. 


4. 
The simple LPM-10 laser 
output meter 


4.1 Circuit description 


The circuit diagram of the laser output 
meter is illustrated in Fig. 6. It’s design is 
very simple and, with the exception of 
the photo diode, requires no_ special 
components. The measurement range and 
the calibrated wavelengths were chosen 
for the measurement of laser diodes, as 
used in amateur radio. This meter is also 
suitable for checking laser pointers or 
measuring the output of a He-Ne gas 
laser. 


D4, the photo diode is in short circuit 
mode in this circuit. The MAX495 is 
used as an operational amplifier, it’s 
input and output swing covers the entire 
supply voltage range (Rail-to-Rail). U2, 
the voltage regulator reduces the battery 
voltage to 5V to supply the operational 
amplifier, it must not be operated at more 
than 6V. Other rail-to-rail operational 
amplifiers with operational voltages ex- 
ceeding 5V have proved to be inferior to 
the MAX495. 


C2 acts as a simple low pass filter for the 
current/voltage converter. It thus pro- 
duces the average when modulated lasers 
are being measured. It is not necessary to 
measure the peak value for use in ama- 
teur radio, and therefore this facility has 
not been provided. Using a moving coil 
meter, modulated lasers can be measured 
with modulation frequencies of between 
50Hz and 50kHz, with a 20 to 80% pulse 
width. 


The display is calibrated for the wave- 
lengths in question using the adjustable 
resistors, Rl to R4. In normal mode, the 
wavelength is selected using switch S1. 


cy 
The readings are displayed on a 100HA 
moving coil meter scaled for a full-scale 
value of SmW. A high quality meter 
should be used. A digital meter has more 
disadvantages than advantages in this 
situation, readings are displayed with a 
precision that is not present, or the value 
displayed oscillates so much that it can 
not be read off if you shake while the 
laser pointer is pointed at the sensor. 
Two suitable small lamps (e.g. T1, 5V/60 
mA) are wired in series to illuminate the 
moving coil meter. 


Switch S2 acts as an on/off switch, 
illuminates the moving coil meter and 
also has a position for checking the 
battery voltage. An arc at the end of the 
meter scale shows the battery voltage, the 
battery voltage indicated being between 8 
and 9V. Should the battery voltage fall 
below 8V, the battery should be replaced 
to make sure that the voltage regulator 
has a sufficient input voltage. 


A 9V alkaline battery is used for the 
power supply allowing the meter to be 
used on the move. If it is used exclu- 
sively in the laboratory, a stabilised 9V 
plug in power supply can be used instead 
of the battery. 


The two diodes, DI and D2, act as a 
reverse battery protection and for isola- 
tion if the power supply is connected 
while a battery is installed. 


To suppress external light interference, 
the photo diode is mounted at the end of 
a 25mm long, black plastic tube. An 
adjustable zero point is not required with 
this meter. 


The version described here can be 
adapted to ones own requirements e.g. 
for other wavelengths or measurement 
ranges. 


4.2 Assembly instructions 


Initially all the wired components are 
assembled on the printed circuit board 
(Fig 7). The size of the PCB is 100mm x 
40mm, as shown in the component layout 
(Fig 8). There are no special features to 
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Fig 7 : Printed circuit board layout for the laser output meter (DG6RBP-004). 


be taken into consideration here. 


Next, the photo diode is fitted on the 
round sensor printed circuit board (Fig 
9). The small marking on the photo diode 
identifies the anode. 


The sensor board and the main board are 
connected by a short piece of RG174 or 
RG316 coaxial cable. 


To house the sensor board, a_ black 
plastic tube is prepared, with a diameter 
of 30mm and a length of 25mm. This has 
a 14.5mm hole drilled in the centre. To 
mount the photo diode, the tube is turned 
inwards a little at one end. Two M2 
screws are used to fasten both the sensor 


[| = = = 
635 658 678 788 

sy lla los Ils 

wis || || |i 


\GE) -ta 


board and the sensor tube behind a front 
plate. The precise form of the sensor tube 
can be left to ones own devices. 


After an initial function test with a laser 
pointer, the meter can be calibrated. This 
is most easily done using regulated diode 
lasers of a suitable wavelength and with 
a known power. 


4.3. Parts list 


R1-R4.  5kQ Trimmer 64Z,25 turn 
R5 1.2kQ 1/4W 
R6 39kQ =1/4W 
R7 4ATkQ  1/4W 
R8 3.3kQ 1/4W 
C1,C2,C4,C5 100 nF, MKS-2, RM5 


188pA 


Bel. 


Batt. 9V 


De 9V 
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Fig 8 : Component layout for the laser output meter. 
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C3 100nF 63V, RMS 
D1,D2_—_-1N4001 

D3 LED green 3 mm, low current 
D4 IPL 10050 [7] 

Ul MAX 495 + IC base, 8-pin 
U2 78L05, 5V voltage regulator 
S1,S2.__ Rotary switch, 3x 4 positions 
2 Knobs for rotary switch 


1 Holder (Clip) for LED 

1 DG6RBP meter PCB 

1 DG6RBP sensor PCB 

1 Moving coil instrument, 
100A, with 2 small lamps, 


Tl, 5V/60mA 

1 Battery compartment for 9V 
battery 

1 DC socket 2.5mm 

1 Plastic tube for sensor 


5-10 cm RG-316 
4.4 Technical data 


Measurement 

range: 0 to SmW 

Wavelengths: 635, 650, 670 and 
780nm 

Measurable 

Laser types: CW and modulated 
(50Hz - 50kHz, 20 - 
80% pulse width, 


display of average 
Dependent on 
calibration, typically 


Precision: 


50 


+5...10% 

41.3mm/? 

Iluminated moving 
coil instrument 
(100nA) 

9V battery or 
stabilised 9V plug-in 
power supply 


Sensor area: 
Display: 


Power supply: 


Current 

consumption: max. 10mA or 70mA 
(illuminated display) 

5. 


Use of measuring equipment 


For output measurement, the angle that 
the laser beam illuminates the sensor area 
is one factor of decisive importance. If 
the beam illuminates sensor at an angle 
of 90°, the laser beam is reflected by the 
photo diode back to the laser. Part of this 
would enter the laser, and the remainder 
would be reflected back to the sensor 
(multiple reflection). 


With diode lasers, this can lead to a drop 
in the output, while with He-Ne gas 
lasers it can lead to an increase. This 
leads to quite enormous errors in the test 
results, quite apart from the fact that it 
can also lead to a fault in the laser. 


Precise readings are obtained when the 
angle between the laser beam and the 
sensor is approximately 5°. The best 
solution is to erect a low wall made of 
black cardboard near the laser, in order to 
identify the position of the reflected 
beam. This is still a powerful beam and 
has no business in anyones eyes! 


For the measurement, the laser is dis- 
placed and/or tilted until the reflected 
beam appears on the cardboard wall a 
short distance from the laser. The slightly 
tilted laser should be in line with the 
centre line of the sensor. It is extremely 
important that the sensor captures the 
entire laser beam. Otherwise, the output 
reading displayed will be too low! With a 
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Fig 10 : The prototype of the LPM-10 laser output meter. 


little practice, youll quickly get the hang 
of it. Fig 11 shows the test rig clearly. 
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Fig 11 : LPM-10 
test rig. 
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